ABSTRACT
estimated and subtracted. The residual γ-ray intensity exhibits a linear correlation with the atomic gas column density in energy from 100 MeV to 10 GeV. The measured integrated γ-ray emissivity is (1.63 ± 0.05) × 10 −26 photons s −1 sr −1 H-atom −1 and (0.66 ± 0.02) × 10 −26 photons s −1 sr −1 H-atom −1 above 100 MeV and above 300 MeV, respectively, with additional systematic error of ∼ 10 %. The differential emissivity from 100 MeV to 10 GeV agrees with calculations based on cosmic ray spectra consistent with those directly measured, at the 10 % level. The results obtained indicate that cosmic ray nuclei spectra within 1 kpc from the solar system in regions studied are close to the local interstellar spectra inferred from direct measurements at the Earth within ∼ 10 %.
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Introduction

35
The diffuse high energy γ-ray emission (E ≥ 30 MeV) has been interpreted to be a superposi-36 tion of γ-rays produced via interactions between cosmic rays (CRs) and interstellar matter, inverse is suitable for studying local CRs, since diffuse γ-rays in such regions are less affected by contam-46 ination from strong point sources, and most of the gas along the line of sight is local. The SAS-2 (e.g., Fichtel, Simpson, & Thompson 1978) and COS-B observations (e.g., Lebrun et al. 1982) in-48 dicated a correlation between the γ-ray intensities and the total gas column densities at medium 49 Galactic latitudes. Sreekumar et al. (1998) and Strong, Moskalenko, & Reimer (2004) showed a 50 good correlation between the γ-ray intensities and model calculations in their analyses of the ex-51 tragalactic diffuse emission observed by EGRET onboard the Compton Gamma-Ray Observatory.
52
Despite these early studies, the flux and spectrum of local CRs deduced from γ-ray intensity remain reported by a number of γ-ray observations (e.g, Hunter et al. 1997; Digel et al. 2001) , data above 58 1 GeV, which are crucial to distinguish CR nuclei spectra from that of CR electrons, have not been 59 good enough due to the limited photon statistics and relatively limited energy coverage of these 60 early missions.
The situation has improved significantly with the recent launch of the Fermi Gamma-ray Space
62
Telescope on 2008 June 11. The Fermi LAT (Large Area Telescope) has a sensitivity that is more 63 than an order of magnitude better than that of EGRET and enables resolving point sources and 64 studying the diffuse γ-rays with unprecedented sensitivity. Recent advances of a CR propagation code GALPROP (e.g., Strong & Moskalenko 1998), which had been developed through comparisons 66 with the EGRET data, allow us to predict and subtract IC emission and correlate γ-ray emission 67 with interstellar matter more accurately.
68
In this paper, we present Fermi LAT observations of diffuse γ-rays in a mid-Galactic latitude 
Observation and Data Reduction
76
The LAT is the main instrument of the Fermi Gamma-ray Space Telescope. It consists of mode, because it has increased contamination from Earth albedo γ-rays. We also eliminated the 94 period of time during which the LAT detected two bright GeV-emitting GRBs, i.e., GRB080916C gtbin in ScienceTools) and exposure maps (using gtexpcube) in 13 logarithmically-sliced energy To distinguish γ-rays produced in the interstellar medium from others, we referred to the GAL-
107
PROP prediction of IC emission and an LAT source list for 6 month data 3 . This list was produced 108 using a similar procedure used to obtain the LAT Bright Source List described by Abdo et al. 
117
Here we adopted the IC model map with version 54 5gXvarh7S 4 , which was used in another the γ-ray intensities with the local atomic-gas column densities.
130
In Figure 1 , we show γ-ray count maps above 100 MeV. There are 52 sources in the LAT 131 6 month source list in our region of interest, more than five times as many sources in the third 132 EGRET catalog (Hartman et al. 1999 ) in this region (nine sources). The diffuse γ-ray spectrum, less than 15 % of the total diffuse emission above 100 MeV. We thus conclude that the uncertainty 141 due to the IC and point source contributions is negligible after we subtract them from γ-ray data.
142
Hereafter we analyze diffuse emission after masking point sources and subtracting IC emission and 143 the residual contributions from point sources. γ-rays, the residual particle background, and a possible residual of IC emission).
186
By fitting the correlation in each energy band with a linear function using a χ 2 minimization,
187
we obtained the intensity of the isotropic diffuse component and the emissivity of atomic gas as 188 the offset and the slope, respectively, as summarized in Table 1 . Making the mask region larger, to should be regarded as an upper limit of the true extragalactic diffuse γ-ray emission. We also note 195 that the adopted IC model affects the spectral shape and the intensity of our isotropic component,
196
whereas it does not affect the emissivity significantly; modifying the IC emission by ±50 % changes 197 the offsets by 6 %-7 %, but alters the slopes less than 3 % except the lowest two energy bands. A 198 detailed study of the extragalactic diffuse emission and the residual background using data for a 
Discussion
206
With the approach described in Section 3, we succeeded in decoupling diffuse γ-rays related 207 to the local atomic gas from point sources, the IC emission, and the isotropic diffuse compo-208 nent. The derived differential γ-ray emissivity from the local atomic gas is given in Figure 5 .
209
The systematic uncertainty of the effective area of the response we used (P6 V3 DIFFUSE) 210 is estimated to be 10 %, 5 % and 20 % at 100 MeV, 560 MeV, and 10 GeV, respectively, and 
239
In calculating the neutral pion production, we used the proton-proton interaction formalism by 240 Kamae et al. (2006) . They gave parameterized formulae of the π 0 inclusive cross section and decay 241 γ-ray spectra for arbitrary proton kinetic energies from 0.488 GeV to 512 TeV. We adopted the 242 proton local interstellar spectrum (LIS) from the GALPROP model with 54 5gXvarh7S and cal-243 culated the γ-ray spectrum from nucleon-nucleon interactions using formulae given by Kamae et al. 
248
The predicted emissivity at the solar sytem (Galactocentric radius R = 8.5 kpc and the height 249 from the Galactic plane z = 0 kpc) is compared with our LAT measurement in Figure 5 , and 250 the LIS of proton, electron and positron used in this model calculation is presented in Figure 6 .
251
Also shown is a compilation of some measurements of proton and electron spectra at the Earth.
252
The proton and electron model spectra follow the observed ones above a few tens of GeV; below 253 this energy the solar wind lowers the observed fluxes. We note that the CR electron spectrum 
259
The true LIS is somewhat uncertain due to solar activity. To model this solar modulation 260 effect on the CR spectrum, the formula by Gleeson & Axford (1968) generally has been used, in 261 which a single parameter φ is introduced. The proton LIS we adopted reproduces the observations 262 at the Earth with φ = 450 MV as shown in Figure 6 . The same data can also be reproduced by 263 a different formula of the LIS (dotted blue line) with φ = 600 MV as described by Shikaze et al.
264
(2007). We thus regard the difference between two models as representing the uncertainty of the 265 LIS; they agree well (≤ 10 %) above 10 GeV and differ by ∼ 20 % at about 3 GeV. This affects the 266 calculated emissivity by ∼ 20 % and ≤ 10 % at about 100 MeV and above 1 GeV, respectively (e.g.,
267
Mori 1997). We note that the LIS we adopted better reproduces the observed proton spectrum 268 above 20 GeV. Although the true LIS below 1 GeV is highly uncertain, these CRs do not contribute 269 to the γ-ray emissivity above 100 MeV significantly.
270
As shown in Figure 5 , the emissivity measured by the LAT agrees with the prediction from 
Summary and Conclusions
284
We report the observation of diffuse γ-rays in a mid-latitude region in the third quadrant using 285 data from the first six months of Fermi LAT science observations. The region is away from the 286 Galactic plane and the Galactic center, and contains no known large molecular cloud. Most of the 287 atomic hydrogen is within 1 kpc of the solar system, and thus the region is suitable for studying the 288 γ-ray emissivity of the local atomic gas and CR spectra in the neighborhood of the solar system. 
